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(54) LIGHT EMITTING ELEMENT AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light emitting element excellent in 
convenience wherein light leading^out efficiency from an element is superior and 
terminal leading-out structure of the element is simple. 

SOLUTION: A metal layer 3. a light emitting layer 4 and a first electrode 5 are formed 
in this order on the first main surface 7 side of a conductive substrate 2. A current is 
applied to the light emitting layer 4 through the first electrode 5 and the conductive 
substrate 2. By using reflection of the metal layer 3, superior light leading-out 
efficiency can be realized, and further electrodes or terminals can be formed on both 
sides of the light emitting element. 



9 



1~k \ v\ s via! vv i. 



31 



* 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's 

decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of rejection] 

[Date of extinction of right] 



08.02.2002 



Copyright (C); 1998.2003 Japan Patent Office 



<19)H*H#fF/T (JP) 02) ^ §g *£p ^ $g (A) (ll)#fFWH4iS8S^ 

#112001-339100 
(P2001-339100A) 

(43)&BI B ¥J^13^12^ 7 B (2001. 12. 7) 

<51)Inta.' SKfJIE^ F I 7-7a-r(##) 

H0 1L 33/00 H0 1L 33/00 A 5F0 4 1 

B 



SSEWi IS*3S<Dft20 OL (£13 H> 





♦SB2000- 160696( P2000- 160696) 


(71)fflSA 


000190149 










(22) mis B 


¥«R12# 5 E30B (2000. 5. 30) 




j£6t«=mfflEyuz>rt i ts 4# 2 n 






(72)$g!P» 
























(72) 










s»s&**m«fi?2T@i3#i^ ©is* 














(74)ft3A 


100095751 



















(54) »)fc^Rt5-€-©fij£^ 



(57) [mm 

3 tmtmmi tm-nms t&cofmicTBi&z 
omm&jtj: o „ &mm 3 vo&gt&mm? z c t «c J: 



<•) 



9 



(b) 







,#13 

















12 



A'v v v % 



a 



[19*5 i 3 m&&mvi<Dm-£.mMmic&mm±& 

pittr* i, c t zmm 1 1 zmitm*, 

m?m 2 ] ®um?m.w&Kis <) =■ >#*sa««-c 

ifcci =sr^m 1 1 *i9*5 i e*©***?-. 
[19*5 3 ] luia^jsn^Biiie^ >; a >#i£jis«&c 
GSiiJg L/ r 5 tir l » c <t *!BHit £ -r st9*5 2 te 

[19*543 mz&mmu. Au%M«s3ti 

"CO * C £ ZW&± -TZm *5 3 {Cffi«©*6#Jfrf. 
£*rrS?g-:&JIJI£. iflB^BSPiS^S^-^ 

mt^tsct t f £19*5 3 aaaoiBiaft^. 
[19*5 6 3 ffine^Mtt. mria»— &mmtimsm 

«3 6(cd». fne#-&jRStt. Bufa<ffiJ)£JS»©£ 
£ ft ££JgJi£# J: 0i>i/'J3>i t L t>rc»# 
*RR»{C«fiR S ti "Clr » & C i 4 f * HI* 

55taig©^:fc*^. 

[19*573 tae*— £imk. Buis*ra^M@©± 
ma £ u z&Mi&a j: 9 >; 3 >£ ©^siasoei* 

*56fatS©»:ft3^,, 

[ 19*5 8 ] mi am— &H5B bau c j&a 3 

t zwtik. t * * 19*5 7 mmmm*. 

[19*5 9 3 Bufa»-#HJ1B a u *£tt«:«u*3 n 
sci £*!f® £ -r * 19*5 5 xb 6 sts©***?-. 

t 19*5 1 0 3 OTEJ*«tt£««sftfti£ * mt *> mm 

[19*5 l l ] mfBS36e©»«14a«B> G a PS 

«t * 5 c £ ttzsmm 1 0 e*©*#j*?-. 
[M$3t 1 2 3 MG»usa. mmm-mmmic®. 

St3«3!*9 ? KB. Ry^lB^-^mS^^ ^ FB 

-mmmmmmm^ir zct *&®Lt? £19*5 1 
[tunas 1 3 j m&m-mmm mtms&mfo 
©ffcjisR^. 

[19*5 1 4 3 BUlBf yj^7-ntgj£Jl«A 1 Ga I 
n P8ft«CT#WES*l. SrfaSSfeitfftBBA 1 G a A s 



(2) ^2 00 1 -339 1 0 0 

2 

1IXBA 1 Ga A s PSfitCTlfiJ£3tt£C:££f$®[ 
£"T £19*51 2XB1 3 {Cfa*E©#£^^-. 

ct9*5 1 5 ] ¥mwmaMs±tcmM»n. tr 

* C OMfCfrft 9 C £ *!}#«£ -T & IS3I3R^- ©S!!j&^ 

10 [ imm 1 6 ] m nmtmu t mn^m#mm^mw. 

£©RBfc#Slffij£fiB£^aW&£U mifB^liSP*. 
ffl«E©B*aW?W«:l»*-r ?> C £ J: 0 . Buta^WgB 

w*^ i 5 ta«©^3fe^^-©S8ii^„ 

t*5Ci £ r .£19*5 1 5 XB 1 6 CCia4g©« 

[19*5 1 8 3 mmm^mmit, miia^mtt*«©m 
20 — ±*BK8L-cjg«stifc*«ji*, mmytmffl<D 

[19*519 3 Buia«^aB, «TK«*JK»©fB— 
S-iSItctt6t4c4*«lit 519*51 7ia«!c 

[19*52 0 3 iies^im, ftiaft%jifis<Dft— 

30 1$»£-rSi»*5l 7saf8©#6*^©i8iS*& 

tifeP©»ae^isiw] 

[0 00 1 ] 

to o o 2 3 
40 ^f#j:^£cfci#^. 6 

B. IB6Ba»»6*«ffll«:iBi*>^*4>«*K*^r*i 
•fc^tc. ^*B3PK^®gt*©*^S«^^t--&^ 

*«*. «3CB»tca«fl^LJ:^4Lfc*B^ 

*©xsB3®at^4>©£&o-?»-r< > *fc*a-c©a^ 

«Hffi3&J-i&S £ ft * fcJ&^feBSPJW^ft L-^-TC >F»W* 

[0 00 3 3 ^tC. A 1 G a I n PjgSJCj: <5^BSi5 
50 **0J5S3nfc^?fe3R^B. 9!(,>A 1 G a 1 n P 



(3) 

3 

«GaI nP) f£14Ji*. K*> -^O 

A#C>n^A 1 Ga 1 nP«v Kiip^A 1 Ga I 

■C#-5> 0 C©cfc5ftA 1 Ga I n P ^y^f-O^ji 
«, A 1 Ga I nP*m#Ga A si^S^t^Ci 
£fUELT. G a A s $i£&S£±{C A 1 G a I n PS 
<=> tt S &lf * x £ 5? * + ;U j£5 3 ti- £ c £ (C <fc •) 

tcti. GaAs*iSifi«©S^f^ifii 10 

LTfOT-TSC L*»bft#6. SbfcBSBSrl* 

IjKTSA 1 Ga I n PigJIJiG a A s J: 9 4>'0 F+> 
7 - #A#l>fc<*. ftifcb tc%i£G a A s »«{C^iR$ 
ttT+#ftftIRmG^#f#{C< I'ttjfttfft 5= £©ffi 

e>ft££*tJI£a 

6645 5-5f&«) fcS3g3nri>4*s. ||3ttM^ 

[0 004] ffcfr. &jfi©;fci$ (Applied Phvsics Lett 
ers, 75(1999)3054) (CiJ. M 1 4 {CijVT «fc "5 tC. Al 
Ga I nP#:/;l>^f-n«i*£WT£#fc#II3l5<t^'.J:3 
>*Bfi»*±©IHl Jc A u Lfc^BH^JfA-r 
SlMfePftStiTHS. JMfcflfcW:. HUEwTJBt 
1^100 tt. n3SS/ >; n >m&gMm 1 0 1 £^tb 
TM^n^S i 0 2 Jf 1 0 2±tC, AuBeI103 
SyAu®10 4^IIl 10ilTM?n. 
KplGaA s + * 7'H 10 5. ^^I/^t-P«jS* 
WpMA IGa I nP>7"; FI1 0 6, A 1 Ga I 30 
nPrSttHl 0 7Si>*n^A 1 Ga I nP^5» KH 1 

0 8. S6yiCAuGeNi/AufW&ililO 

1 5K^"TJ;-5«C. Aul 1 0 4iCTJS*f$n-5„ 

[0005] c<Dwmc£&t. &mm 1 1 ojwsw^ 
i o rts^-r s tc&Amn mc mw l fti >m »K»*a« 

fc/cU C©*i£«A 1 Ga I n PigJoH^JSJf ±&c 
e«^S3ttSC<t«^tfcT-.fc£a>?>. <X©J:0ft:£ 
&«B3ft-Ct>£„ S-T. g£»fcJ:»):£:ISJf 1 10£ 40 
Ml/fci";3>#ifSr B lgl 01i, A 1 Ga I nP 
^y^^D^itl 0 6. 1 0 7. 1 0 8*WT^ 
BSP&tfG a A s * +• 7"J1 1 0 5*xf*+i/ + jURg 
fi5l*fcGa A s*^Sffi<i:*5U9(C«^^. 
T. R5«*&M 1 t©^r 
8£ btc&G a A s i|MSi!IS«£|££ b . itfgftH&£ 

[000 6] 

3R*«c*ji»-ctt. till l 0 <DBf%$ in Z ^ 50 



#192 001-339100 

4 

*sns«n oiti/t. s i o 2 a>*>ft3Jiu>*&i*iai 
Ti^tc. y^fii o 5&e>t>'ccMigin 0 6- 

10 8-MDaiB, Auil04Kii^t : t : t77'll 
0 5 t£hWcm.^MU 1 0 6 ~ 1 0 8 ©JfffliJiC&ttJLfc 
3B#&tS£ty-Cffll>. B!FI2Aulll 04itil 0 9 
t OHTWHI 1 0 2 § f {Cff ft 5 J: *> CC U 
*. c©»i*r(*. fK^©iiimKHiL*#ji*5ffl 

[0 00 7 ] 3R-?*>60W6BUaLSJl* 
[0 00 8] 

[^j@?r«9i-rsfcd?)©#©R^ffl • ±te©» 
^gp-©ii^*j pjet r ^ c <t £ -r -s . 

[000 9 ] ±IB©»i»CcJ;S£. Ste£^*@SP£© 

ftt^jra-rsc tic j: <o&t#ts:ft.mtisi>®)mzmm-cz 
Tsc<t*5Bifgta4„ Tftfc%. «ri2Cfc5:K©^ 

IT (114) <h«^A«cf). ^MB*^)lg|J©ffliJ^{c 

mm sit xm^fRm i&z&j&t z, 4 1» s a^ft^Sic 

2> 4 4 4> tC . ffJffit4(Cgn/c^^T-^^ 3 #1 
[0 0 1 0 ] 0 1 tcw-r«t^«:. ^tt*S2i^sm 

3 <L|fe£Jlg|54 *6&5Sifl:9^©l^|S)B. 

(a) ic^-r^^tc. m-mmm&ntf3:& i mivi>, 

ttc. ( b ) K^T J: ic. ^-mWI*5iE 4 a SMfe 
W5-^ra}g^tgj!©fSJiJSl?{i. ( a ) <b (b) <bT* 

a»£ft-5. 

[001 1 ] «^tt»«2 B. is V 3 ^^ISAII?©*^ 
(*4r^C£^r-*-5L/. Alf©^Iit5Cifcf 
#5. «lttt*1g2£4^f*£-r Iltcit 
J: 5 tc. ^^f±SS 2 ©^-i^BSWJfc^-Sg 6 £J£ 
tSO. aiZH6KfZfi^l 2*3 6«:^-r-2.. 
c©tgi=r. ilziS6 i©P4rat^AjtS 

nS^ift^o ffe^7. ^t4S«2*#M4-rs^ 

^-JST- 1 2 3rig1It£S1g2 Kitg^-C* S© 

■c. m~nm6imm-?zcti>-5]f&-c<ib?>. a*$. « 

*ftLfcmm*3Lmj: < if ft ^ C t. RC/^MH 3 iag 
SttSS 2 <t ©«^g*S* 5Ci©2 i<om £icis 
^r. 5iStt»1R2<!:ifejgi)g3 4*itS«MS#fc«a 



(4) 

5 

[0012] m— mm 5 a, i^bsm©*®©— sb© 

flBP4©ffittJiK-C»*-rS*l 3. 14©5^. #JR 
«3WCC|Sj*>53l£l 4©iJ>&< ife— g($£!££JlH3(C 
TKWStt. *©S»i6l 5*. »7i:BS|5*Bn©fif-1I 

[0013] ±ib© j: 5 nz&tm* i ». 2 io 

So 

[0014] &nc7tkr^m(ommym 

*8ctt. *3?(*Wg^*«±(C^7tllgP4 4if«-> 
t«S3tSIIi, *9S1?fe»£2©!8-3E«ra4£6 

3^msp4 (om-^Mm t zsmm 3 o^Lr«^t 
s-s-aist. *c©«tc!ftt5ci*«F«t-r*. « 20 

5. 

[0015] ±IB©*atcfct>r». igStt*«2 42fe 

»■» 4 4 *&«b 3 ©# 1, r«^-r * . 

«2 4£fejfcBSB4 4£. «riB©3:iK4tt»ttDS i O a 

i?©«&m&S£/f-i* ttcc^bb 3 ©^.-cg^-r -5 C 4 
14*^2 t&mms 4©n©tt«aw9tftB6&$?t<:n. 

*ft^k^«!**f*#tt***l.>f4iBa'C**tB#. * 30 
«4 £1SB©-§P4 £6£f bd tt££r»d£fT& 5 «fc 
^tcrtltf. BiaLh3tt*C4;WrSS. 
[0016] 

ff©0iB*ffil,>-C|JiW^4. SI (a) I*. *^HJ©- 
ISte^JSfftSa**^ 1 ^titit-S>5„ 

^ i kb. mn\±m& 2 ©*— ± $bb 7 ■«:&■■ 3 4 

2fe*;BS&4 4»-m65 kifiCOfflZtcXBmStlXK* 

«Kr0jsR*n-ci»*. «*tt»S2©m-ia 40 
s 8 ^mtw—mm 6 ag&sRs nrfc 0 . H3tssu4 4 

^113imt-f-lg5 4^-^656 4©IBJ«:te 

^36Bgp 4 ^©as*^f * fctl -5 «fc ^ tCft o -c t > s „ 
[ 0 0 1 7 ] m2 «. is^st- 1 ©J; 9 Aft&itt«ti$£ 

*r*>©r*s. ^mttS«2«n^S i (^>>;n>) 
¥tt££tit4 3t.. &0fB3tt. SiftelllS2i8 
l/CJ&gjtSh&ft— £MB3 1 4. ^3fcJSgC4fHJJCfct> 

tkh— &BB3 1 tm-?z<pr$£mm3 2 4. 

»4 4»LTJ&JiR3ft**r&fllB3 3<!:*£t*. S i 50 



#§8 2001-339100 
6 

**kj:sssb*£i;k:< <. *fc. t,»<o*»©#3e© 

£JS (WlfAu) 46£{bl-*»-n>fc«>. «K©Kt> 
«^«iS*3iPBb^»-rt»jM**i*4. £©*§•£, St&— 
£JSJ1 3 11 tplfl&MI 3 2 ©ififc»4 a -&#JRl£# 
£<QbS i 4^£<tL*Tl>^K^4£jS#K.Lrj& 
fiW*C4{Cj:«J. ^iI3iSi#MB B B ilS2i0^ 

&itt:3.icm-£mm 3 1 rt«:s«>. 4.M&jm 32K 

KB 3 t^^MUA 4©S^ffi«C*>W^^JSffi©®8l 
£fcJg£#?ffl©¥ffl14£&tfSt£oc4 
jWT?*<5. t>r*i*». «^*SiffiCc*jtt5S»*©fiI±{c 

[0018] corns > m—&MM3 1 «. 4>n^ii 

3 2 ©£ii&fl>t fc3&IW3WW: 0 4> S i 4©#ftSflE© 

jst^>y3>4©rar. i±8OTffifiKT*.ft 4 

iflt*<5»fl:-r*C4*.-C#. CH-Tti»#B»4©$& 

{M?&£ctc< <-rsc4#-c*4. ^ftwawii/r 

tt. ^-^113 1«, Aui*^HAuGeM 
(m«GeM$*il 2Sfi%?IS©fc©) 11% 4 A 

u*jEJ*^C*fi£-rSC4*s-C#. 4>ffl£BB3 2t£A 
lB**t>«A 1 ££JI#4\ A 1 £±JS#tCtil&T.5 

Cim5. Au 4 S i 4©itSiSg«# ; j3 6 3*Ct? 
A 1 4 S i iO«fiiatBft5 77°C"Cab5„ % 

*>\ tm&mm 3 2 «a u 4©n-?BL£©isi»£s*tt 

4^<^lifc0ttt»&«*£j^tc1IME-$-.6e4a.. 
#BB3 2 4S i #ISAS«c2 4©^#{b©iJSP*W5 
£HB3 2&C&t>'(C< <r4«*(C*il,»-ca*L/C». A 

1 «. c©«Mwc*i»r4>n*«B3 2©£j£#4 

S*lA>fc©-C*S. S/c. A lfeWrW:. Ag. C 
u, Ni, Pd*St»ttP t&4*©j£#4>J$fflpm-C* 

[0019] S i «|§fiS«K2 ». #JHB 3R^ 

^— iEffiiJRO'lff-iffiffiiJftigiag F— *7'B 2 a 
Ltci><D (mtf*«*©F-A>h%»lfi1»3-l*ft:Pi 

ti. S i #fe B a B »S2 tUX. Wz.k* A s ^B-SrSSiia 
tcK-7'Ufcfc©^ffifflt5Ci«Tfc5. C©* 
Jig&BlTtt. MBBfCn + K-7'12a?:Mt/fcnSS 

i UM&HS1S2 Ai^ffl 3 nrc^S . 

[0 02 0] aRSJB^a-ctt. «#KB 324 
^BgP4 4©r^ti: < nlA 1 Ga I KB 4 

1 4g-TS44fe«:^3tBgI54*6©7fe?:S*J^S^r 
&B»3 3*Jfcj*L-C(,»&. 

[002 1 ] s«ie^-^IB3 3©WS4 OT. 
A u *i<*fctiJSSc? ti S *>©*Wl7n-r -S C 4 ifi-C * 5. 
C ©USSJf^Sg-Ctt. A u - G e i3£t>C £ 0 ^^#MB 3 



(5) 

7 

33»AuB4T£C4fc-Ct£„ 
[002 2] *K. £S:ftBS&4tt. ^-^g5PJCC(4g 
-T * v •> KB 4 3 . 3 f|J(C{4Sr * 

m-m'mmf? ? h§4 i , i&vm-mmm?? v fb 

4 3 iirilif?-^ FB4 1 4©|BKJBfiJt3nS«i 
14B4 2 *>6&&#:/;U^a1fj^£*r-f -^©4-T 
5Ci*iT^^. C©<£5£t*gjI£SUB-f &C4CCJ: 
"3. S1'7 5>F@4 3, 4 lrt^aASti/c^-H'iS 10 

^4 #ffi14B 4 2 otti^mAtcn Di&fc 6 straws 
Jr<B*S£-r-2>©T\ ?M»flt©*?-£38H't?*4. 

32f 75 FB4 1 t^BB 3 4B«««or JKStS nr 
U4©*JJ:i>. fc/a, «fWJE*Ttf«&ftK:. Wz: 
«Sff7f FB4 1 4#KB3 4©|fflK:*affiF-y 

[002 3] jr^falHMIB. SttWfcttA 1 G 
a I nPigSfcr#fiST-5C4*s-C*S. JitttfjicSi. 
A 1 Ga I nPigH£>&t>«Ga I n Pfifi*>&ttSi§ 20 
ttB42£, pSfA 1 Ga I nP>5> FB43 4nSi 
A 1 Ga I n P?7 ? FB4 1 t iCja O^/c'ffilif 
-5C4#-C£&„ A 1 G a I nPttfiffiiffSr^ttt 
^> F+> *:/£«rS*2£<*T-*<9> Sttl4 20i 
MlcBf&ZftZV? > F14 3, 4 1 £©>-<> F*> v 

jUi«-^i*^t,^r§ttM4 2 4Ht^Dii&e>*rt5ia$<J: 

3 ftffii4 2©itai£Hf£K:J:i3. &fe#>6^feSa 

^c^wrEl5ffl©^7tiffiS i &^-r'2.c<!:^-c#s 0 30 

02©^**^-l -Cti. SI-mffi5ffliKCp§9A 1 Ga I 
nPi»75 K®4 3^12g^n-C*J«3. jl^ffitttt^— 

[0024] yac is— figs tm— mmm?^ v fb 

4 3 4©W(Cli > tS-#Hf7 7 KB4 3 4P3-i* 
«. ^7tJlgB4©affi©-S)5©^?:^'5}Ktcrff^3n 

ri,>&©-c\ s?ji!ffi;f5(B4 4*jf^-r2)Cir5! r ^';i"v 

fO«l@4 1, 4 2, 4 3JC*fLffirt;mSKC*3-K:# 

ecu *>ft r t »& 1 ^fejccfc ut i> iS»fi^^«^*f# 

6 4«fc9£JIB3{CJ:S£#tft©iaS&&g9. 

Si— tews? nTtc^WJc^©^^^^ fflT c 

4 #-C* ^£<*©^7E*?R£AifIiCiSit>5C 
4#-C£S„ 

[002 5 ] m^mMA 4ti. A 1 Ga A sI^XB 
A 1 Ga A s PM&lCXffif&T&Ct&X-ZZ. A 1 G 
a A sigS*3t>lJA 1 Ga A s PjgHti. GaAsi 
©tS^S&gaVh;* < . GaAsHMiOM 50 



#PS 2001-339 100 
8 

£tfc#ii£t,>©-C. -e©±(C$etCA I Ga I nPMSk* 
x f * * ~> + 3 ttt 4>ll#£cl£igrt4£i8M3 L -^-r 

K-P'L-Ztp'fAlGaAs P jftfttcj: 0 . *%!£tfc 
84 4£JFJ(£L-C<,>-S. 
[0 02 6 ] ^te. 0 2©2£7fcig^l (CteUT, SB© 

#JSB3 1 =2 00 nm. «WiI132= 1 00n 
m. ^H^ISB3 3 = 2 0 0 nm, nSA IGalnP 
?7»FH41 = 1 000nm l A 1 Ga I n Pr£14B 
42 = 6 0 0nm. pMA 1 Ga I n P?5 ■> FB4 1 
= 1 000nm, p + MA 1 Ga A s Pm«ci£ifcB4 4 
= 1000nm. itc. mutt, »-ii5!JAuii 
AuBel, ^~Sg6{iN i BtCiO^-TSCt^ 
"Ct. JlS^n-eni 0 0 0 nmggit^Ci^-c 

[0027] &.t. m i omtm^ 1 osgtaK^i,. 
riftw^*. i-r. ^3 (a) K^-rj^ec ¥m&m 
$sn«®-c *5GaAs m$sss« 6 1 (om-^mm 8 

ICC. ^11354 4 Lr. P + i!AlGaAsPiaS 
lfcB44. pIAlGaInP^7vF143, A 1 G 
a I n PrSttB4 2S.iy t nMA I Ga I nP?7? FB 

4 1 *C©JlW*5txtf + JU&gSttS. C<l6S 
BCxt^+i^JH&gti. *r«8#jlStfBxe**^ + 

JW&fi (MetalorqanicVapor Phase Epitaxy:MOVP 
E) im&*)m£*)Ct&X*%Z>. 
[0 02 8 ] m3 (b) iC^TJ^iC. ^BSP 

4©nIA lGaInP^7 7 FB4 l©±tc£HB3 
it/t, AuGel (^-^JSB) 3 3, All (*fffl 
^HB) 3 2RO'AuB (®-^BB) 3 1 £C©li# 

mmw. 6 3 ©£jib 3 ©fflij* s i mmM,mfo 2 ©i?r-£ 

*M7(cfi*a^to-l+ (S3 (c) ) , 3 0 0°C~5 0 0 

z.ixmm&mM'p'cims. enters. AuB3i« 

5 i^ B B B *«2©i*ffl7fcS^3n5. g^Ml! 

«^.tfAu- S i *B%fi)S©iiLh (0U«3 7 0 "C 
-4 0 0 -Ch-)^) (crtf^ 5 c 4*5 J: OM* L-c^ 
[0029] ±tes^Maastcte^r«. a u§3 i 

©-SGXtt£tt;Wg£©l£$ft S i#^SSS2©S i 4 
ftHKlSUTA u - S i ^-^B4^^„ JfJfiESnS A u 
-S i^B©ffif£«, m«Au-2-6Il%S i 
T*5o ffc£, A 1 13 2 4WSA 1 «Au4©FhI 

^ft^tit^-rn^^ g^jaR-c*.s3oo , c~5oo 

•C-C#t H %jg I t;{cj;5^a5 r ^L.^l^c*. A 1 4©^ 
r-©^fb«tb^p < j|ecb«c<i^ -e©$gm. 
B#©AuB3 1 4S i 4©^[t©^S*s. »-#JSB 



(6) 

9 

IWAu -GeI3 3tC&C«C< Au-Ge 

[0030] &£Mffi*wrn«. a 3 ( d ) cc^-r 

<fc5CC. GaAs#JSIS«6 l«i1-SCiKJ: 

0. a*^#6*a-S. G a A s 

Zti$-CZZ> 0 ffe#. H5 (a) (C^T<fc5 
tc. ^BgP4i^#ft*^»ffiiLr<DGaAs* 

*Sb b b»M6 i tori{cMMiB6 2^mmL. 

2fe&JIg|S4 £. (b) iCifk-r J: 5 (C^If 3 £/M,rag 10 
®4*g-C*£ S i m&£&m& 2 Jd£l=r L/d£. ( c ) 

tcjrf?. ^*BSU4<hGaAs^SSS6 1 

«. GaAs#if B ll6 l±(Cxf^+^^;bfi£SnI 

fig-cay. i»-o§mmu4 i>m%.<D* •> ?mic 

[0 03 1 ] ®jfci£ffcJI4 4asA 1 Ga A sM 

£k<.CXmf&2tlZ>m-&, »«ffl^fi)162«A 1 As# 20 

^jgiOr^/ji^bTk** (H 2 SO, /H 3 o 2 

/H a o) £flH>& coxif WM 

WMm4 4£&-TA 1 G a A s -3yi#>St, : >U#^';l" s »7" 
P$jtJi4 1, 4 2, 4 3^^-TA 1 Ga I n PjgH&C 

ttT&MAttmi<^£&t>#, a i a s msgns^** 

2£^rff$f&i*ftfc^lig^S«6 7^tex .^^>i/ 

iSB?-Bfc£;?li. GaAs*SSIS6 1 £^(C#ilt 30 

[ 0 0 3 2 ] G a A s #*SBiS«6 1 £B£**tt,> 0»» 
Lfc&7fc*^»&l at*. f©lSJ£Sii4 4i(cf- 
Sffi 5 * . Si mjgsa^ 2 ©0 8 fficc m-m 

[0033] a 3 tem-rnmoy&micto^Tm-isi&m 

«. ^feBgB4<D^-^*ffiffliJ{cSL/-C^5nfc^ 40 

H3£. ^stts«2cDm— ^*H7«:g^-rsjfmf 

^t>n-CC^c 0 ffcfr. Jgt^Stt. 04 (a) lCm-§r& 
til 3 £ . ££#1135 4 ©ffl-EEflBS 8 2 (ajfCghlrr £ 

S«2©lfr-£f|ffi7±tC&JIJf 3<bl,T. AuI3 

1. A II32Rt)>'AuGel3 3 SrCCWPitTaJI 

&5 J;^tcL-ct^ 0 50 



#PB2 0 0 1 -339 1 00 
10 

[0 03 4] Se^C, *g£*5S(;t. 14 (b) CC^Ti 
^BSR4(D^-i«ffi8 2l,cmL-CBf&2tltc 

&mm3 2 . 33*. z*mtt»g-c£>ss i *£as« 

2CD^-^ffi7tCgb-C^^n/t#«J13 i icm-& 

5J. "fflSJJii&SA im3 2t. f-iili/i^Au 
S3 1 4©nK:«^»ffl3&»3gj«3n*J:^K:OTi»*. 
WAtd^jaSSKKfctf^r. Aul31©Au4Si 
#*Sffi3S*2©S i tJSJ£T.S-B:T^S!«?r^3-a-. 
-€-©*B^Sl!?g*A 1 H3 2 <?:?in«M?ti--SCitCj:D 

[oo35] w\ meRu^mi icmtjz^ic. &mm 
3<Dmmam>*(DmzzMz.z>z±w-e% *> 0 @6© 

2 0 OKfc^TfcJ:. #113ttAuI3 3©* 
KJ:«3^fi£3nrc^„ fcftiU AuJ133«» 4>fc < 
i4>-€-©— SP#Au-S i ^#£ft&. £fc, i7©|6 
*^T-2 1 Ott. £JSJ13£. »*JBW4«tCtt»rs 
AuGe^ii33i, S i 2 ffitCttBr & 

Aul3 1 £©2HCCJ:9JB)&l'fcW'e*-2>„ U-Tft© 
t§1^&. &tIIS«£S i -Au <D&£hmmttm^1nJ: 

[0036]ffc, 02. i6M07©a^l, 

200, 210 -ett. ?7-; fb t m^ffiUt 

Bi* s l>-rtnb pMr-*-5.^|^OTt^c*i. 131 IK 

M£-T£ltiJ5£<£>pJf&-C&£., C©^*f^2 3 0m 
S i#ttfi»K2©SI— i*B7±{C. ^«H3 -tO 
r. AuJl (»-^»») 3 1. A 1 S (^ra^MB) 
3 2MAuBel <^~#/lll) 3 3' *i C CDJIH^tC 

rjgfiS3tin>a. ^)ig(54' itr. 

3' ffJ*^pMA lGaInPi'7? KM 4 3. A 1 G 
a I nPr£l±J!42. nIA 1 Ga I nP KI4 
1 Rtfn + lAIGaAs SSEilEfSJl 4 4 ' AS0R5t3 n 
Tt,^. C©^tf2 3 0©14 1, 42M43© 
WilJlKff B. H 1 omftm* 1 t±< <0 . ii^ffi 

[003 7 ] C ©mil?r»fflr S C i tc J: *>m£MMT 

©ji^T'*-?). sgcc^-r^^cc. G a A s 

^ltaS6 l±(C^BSB4*xf^ + ^ + J^S§ 
#/cfe©^. ^I13^btS iitU£HSS2£&^ 
t. WGaAs#MSI«6 14^-r^i. 119 
(b) {C^Ti^fC. ^6n-5J%7t*^S«5C5i3A^ 
DTl>$^Ct*ftS. COS^^-r-SJ^Hti^C©!! 

-rrjit>h, mi OtC^-TJr^tC. GaAsf 
iSJIiaSe li!Wf*t->tMS2t/cA 1 Ga A 
s tttttttkH 4 4 KB, G a A s ^Mb^SS 6 1 itS^ 

«. A 1 A s ©tST^3&«G a A s ©t&-f «3 fcii> 

L/^:3?l»©T'. A 1 G a A s Wt&KLv&MA 4 fflijKBMrt 



11 

GaAsfMMS6l4^t5i, AlGaAsS 
ft, 09 (b) CCTjVTJ^KA 1 G a A s 

mmtmrn 4 4 mtna t ft sjbt. ^^T-s«ccig o 

[0 03 8] tCZX\ mmtikm4 4\t. -)IS5C«£ 

r >j T*5mT<t ft s n £>©« -5 whites©* § 

^*-)Ufi&m*+ >)T±t£Z>pW(Di><DJ:*)i>>J>rj;^ 

m&x-+ftun\im.mK$ki)mhtiz>. stot, GaA 

s*iSSSS6 l(Cit^+-> + ;^13ti5A IGa 
A s^EffifWili, 010 (b) K^-TJ^CC. n 35© 
4>© (4 4' ) ©t55#. (a) tC^TpSUDfc© (4 
4) J:*)fci* <tSCtASf#4. A 1 G a A s MffiM. 

mmoymfrwhz < ft ft«. g a a s w&amsi g i & 

mZLtct *tc&?j&3ft£l*14Sx*;U*-£>/jN;* < ft 
0. «©»Sfe3ftfc:£*JU¥-;Wft5f±*<!: t/Tlgft 
^affi©S { 3fe/h3<TSC<!;*5-C*S <> TTftft*,, 0 
1 lCC7nTJ:5K. KH£«fii££S(lf 

[003 9] &*5, BrtggK: K-^Lfcn + S©A 1 G 
aAsiliXBA 1 G a A s SrniftffitfcJI 
44" ©J?£«. lOnm-lOOOnraitWJ: 
(,». CftfcW©&II©/?;*tt02©liS3fc3l^l £ 

|B|«©6©;S:Bffl-C#£. 

[0040] ft*?, ^j£twi4 40)mf$.zmtmcmiR 

C©H^ m^*£t5tll4 4©J13€r/h3<-r-5Ci 

^Bftiifto. fteft^^^stsosoEfrit^* 

[0 04 1 ] 0 8fC^J:-5{C. ««t4S««S 

i **S B ^©*jS^«:^x.r. £H£fflt,>SC<t*>T5J(ife 

<t U~CA 1I«2 l#<£fflSftTl>6„ #il@3 <t L/T 
B. A 1 S1S2 lffiiJSCAu)a3 1 €r. ^lc/igi54ffliKcA 
u - G e ££Jg 3 3 £12g Ufc 2 Jlflf^© &©£}*ffl l> 

ti>£„ >IiIttaig2R:#ii£<igfflTSc<fcrjg-iiffi 

CiWoJIBift S. **&£«2£l, 
rffll^#M©1vtH«!:b-Ctt. AI«WCSn?:ffifflr 

[0 04 2 ] ft is. 04-01 1 (C^LfcJISS^-C 
«. ^jfeffiUtg^A 1 GaAsESICtOBliSl/TOS 
02 <fcl5M£tCA ] Ga A s P&^m^X'b^lK 

[oo43]*/c, «JiiftB^ufciite©^r'«. gig 



(7) #H2 00 1 -3 39 1 00 

12 

14£«Sftc4*iticT«&£0T<,>fc#. 012^TI6 
*^^F2 4 O©^^^. 6tftHcxBf&? 
^CifeDjfigr^S. C©H^ &JSJ1 3 5U;t:>frffi§g[S 

•c. ^misKctasi^i, ^aiiaji 4 izmrm 
jt&vmm&mm 2 2 ark aw 1, <t ©^©t? 

^c«fc9. ^KHiL^^KASci^rt^xfc^Kft 

4= C©ti^, #S^©^-m©6tCj;0S7m©#m 

14«&2 2©^-±*M8^or*jif«. ^-m«e 
10 ©^E-t?©jg»f*tc s^tf} LSftmrsj±^©^*>W 
fftti. S*tt©2*mt4»£2 2iltti. Mx.tfG 
aP»«?rfiyfiT-5C<!:Ai-C*S„ $/c. ^HSP4 t 
&JSS3 <t©S«flfii«. &IM3tCjftljiflSl 4 1 £ 

sisr&j&ei**. 02. 07. 01 l^iisjai©^© 

[0044] &mm 3 tc^ffljasp 1 4 1 zmf&-? 
s/ttofc . nf$^tc-7^ * > i 0 &mm 3 & a 

^-^>y-r^^^J^-C#S„ W*.«H13 (a) 
(C^TJ:5tC. £RII3£itSS#(CA*.->^>yi,, 

20 «r s«tKc^>jRiBffi4imtcjfgajBff 1 4 1 y 9 h 
mc&f&-rzct&-czz„ itc, 013 (b) iCTjk-r 

^^tmm^i 4 lit-scife-cts. ^e.(c. 013 

(c) {c^-ri^c. ^!®3^Uc*tt*)am3:J^K{c 
/^->r.>y-rft«, <l^©^HfSJUi©WSgf^* 

Tioijgasi 4 1 titrsffltscim*. 

[0®©^mft^] 

[01 ] #^©16^*?-©. 0BS«i»©Pd€rCKo^ 

^-r«^0. 

30 [02 ] 0 1 ( a ) ©^*^©ft(*Wft«Jl«j§©Pl 
*^^^^0. 

[03] H 2 ^>jtX^©^-^^t-|tt 

[04] [i)D<IS-^ ; S:in-riftBJS„ 
[05] |SJD<mHW^TIftW0„ 

[06] 02©^3fe*T{c*sws. Simmom-mt-M 

[ 0 7 ] m c < ®- ^w?r*T*s:0„ 

[08] ^MR*m»fc*#*^w*^-rgecs. 

40 [09] S^f*tc*«flcmif£ a ^S«*^*-r SCitcJ: 

r^0. 

[010] mmmm<Dmmm*:vZ2.±-fht%£±nm 
[011] m-^mn(Di>^ -j vmtmmmm^n 
[012] fi^ttw^mttasae^ffiffiu. #js^{c 
^■r^C0. 

50 [013] &mmicmi8frz%:miii&<Dn*<D'<2-> 



13 

mam. 

l. loo. 200, 210, 220. 240 mtm 

2 amisss 

3 &mm 

4 #£tJlg(3 

5 m-ss 



(8) #12 00 1-339 1 00 

14 

* 6 mr.mm 

2 1 &mWM (igH1*feg«> 

3 1 fB-£JgJl 

3 2 *ra#jsia 

3 3 m—&mm 

4 1 nfiAlGaInP>5?Fl 
4 2 A I Ga I nPgtti 

4 3 pIAlGa I nP>77 K« 

4 4 Htft&tfc® 

10 6 1 44ltMMSJUNE 

* 141 



[01 ] 



[02] 



(a) 



&*«3'~ 

#(8«US«2 



f 



*14 



6 ) _ 



mm*** 



9 

1- 

9 



'»3fcJB«4->. 

&«• 3- 

»«tt»&2- 



: t-#i4 



1*13! 



m - M8 si*S*12 



4< 



3-< 



7- 
2a 



8- 



•{ 



220 



plAlGalnP^yHl 



Al Ga InPMB 



3HE 

ZZS3EZ 



nSSilWSftSK 



fT 1 



[08] 



p+SiAlGaAs 



Al Ga InP^I 



nlAlGa I n P^7y MB 



Al£K 



"43 
"42 
"41 



~44 



~41 
^33 



-7 
-21 



[H9] 




(9) 



2001-339100 



[03] 



(a) 



41- 



4< 



42-- AlGa InPfl§ttfl 



43-- pMAl Ga I nP»9y KW 



8 



(b) 



niAlGa InP???KW 



44- - p + MA 1 G a As PWffi&B&S 

In 



Ga As 



63 




--nMAlGa I nP??5fH 



A 1 G a I n PffitSB 



SS53I 



"plAlGa InP^?yH 



44- y MAlGaAsPgflSKJR^, 



GaAsSffi 



t^81 



(c) 



63 



(d) 



61- 
81 

ft**"" 




GaAsStS 



43-- pMAlGa I nP^7y KJg 



A 1 G a I nPfgtSB 



llAlGa InP^yyHfli 



la 




p + HAlGaAsPgaaatfcB-^ 



plAlGa I nP?7y Hg --43 



A 1 Ga InPjgttl 



niAlGa I nP^y KM 



.".Kiil.. ' 



nSS iHSBftSB 



—4 

3lJ 



¥ 

T 

8 2a 



8-7 



2a 



(10) 



2001-339100 



[04] 



(a) 



4 < 



GaAsSK 



44^ p + MAlGaAsgaaatMf 



43j pglAlGa I nP^yHi 



42-/ - AlGalnPgag 





555S8 



Au 



*-?-t-f-*+ 



nMSi 



-33 
-32 
-31 
-2a 

—2 

2a 



(b) 



61 
81 



44->-p + SAlGaAs®&2S8§ 



4< 



41 

33- 
32- 



66 



Ga AsStS 



43- f plAl Ga I nP^7y KS 
42 



A 1 G a I n PftttS 



nUAlGa I nP^7y HS 
AuGef 



A.Ui. 



82 




nlS i 



(c) 



la 
J 

p + mAlGaAs«Sfa4»S 4-44 



piAlGa I nP^7y KJg ~43 



AlGalnPSffij — 42 
nfAlGa InP^yKS ~41 



f 



-2 a 



-2a 



Cll) 
[H5] 



2001-339100 



(a) 



(b) 



(c) 



4< 



41- 
42- 

43- 
44- 

62- 



nlAlGa I nP^yhH 



A 1 G a In PfmS 



plAlGa I nP^yffl 



Al AsJ 



Ga As3£t£ 



2a- 



2 

2 r 



Ga As 



AlAsI 



p + MAlGaAsgaafc»« 



plAlGa I nP^yFI 



A 1 Ga I nPSttS 



21 



GaAsIfi 



la 



P + lAlGaAsiWIUi 



piAIGa InP^??KV 



A I G a I nP?£t&8 



nlAlGa I nP^7? KJf 



nSAlGa I nP?7*/M 



81 
61 

67 



-61 
■62 



44 

43 
■\ — 42 



-3 
-32 
-3 




(12) 



2001-339100 



[16] 



[07] 



4-( 



r 



200 



p + SAlGaAsWfflWl 



pSAlGalnP^yKg 



AlGa InPgffiB 



nSAlGa InP^fyKi 



44 

3 

-42 

-41 
-31_ 

2a 



3« 



210 



r 



p%AlGaInP*yy Kg 



AlGaln 



tiIA I G b I n P ^ ? y Kg 



-44 
-43 
-42 
-41 

-31 
-2a 



-2a 



(a) 
61- 



[010] 

(b) 



GaAsJ 



p+fflAlGaAsI 



pSAlGa I nPJB 



81 



61 



GaAsJ 



n^SAlGaAa 



aSAl Ga In 



240 



' r *«a«5i4i 



v 

fcl41 



.5' 



230 7- 
2a 




1 1 ] 



003 



n + fflAl Ga AstteSBttftS 



nlAlGa I nP^y Klg 



AlGa I nPmi 



pgjAlGa I nP^7yH 



gig 

AuM 



nSSi 



-44* 
-41 
-42 



-43 

-32___ 
-31 



(13) 



#13 2001-339100 



[013] 



14] 



(a) 



(b) 



(e) 



141 



141 



a v a P 

<> t t 

/ / V 

/ / / 

/ / V 

Ya Ya r/ 




"V~ 
3 



3 



15] 



EXITS 



I 



^ 0 ^ 

0 ^ 0 

0 111 

0^0 
0 



.109 

-108 

-107 

-106 

-106 

-104 



8 

110 



Au| 



7 11 — i 

1 AuG^NlXAuJj 



niAlGa InP^yKj 



pfGaAsjB 



AuBel 



109 
.108 
.307 
.106 
.105 
.104 
.103 
-102 

.101 



-100 



F 5F041 MO 3 CA04 CA33 CA34 CA35 

CA74 CA77 CA85 CA91 CA92 
CA98 CA99 CB15 



